Mechanism of calcium potentiation of oxygen free radical injury to renal mitochondria. A model for post-ischemic and toxic mitochondrial damage.
With a variety of forms of ischemic and toxic tissue injury, cellular accumulation of Ca2+ and generation of oxygen free radicals may have adverse effects upon cellular and, in particular, mitochondrial membranes. Damage to mitochondria, resulting in impaired ATP synthesis and diminished activity of cellular energy-dependent processes, could contribute to cell death. In order to model, in vitro, conditions present post-ischemia or during toxin exposure, the interactions between Ca2+ and oxygen free radicals on isolated renal mitochondria were characterized. The oxygen free radicals were generated by hypoxanthine and xanthine oxidase to simulate in vitro one of the sources of oxygen free radicals in the early post-ischemic period in vivo. With site I substrates, pyruvate and malate, Ca2+ pretreatment, followed by exposure to oxygen free radicals, resulted in an inhibition of electron transport chain function and complete uncoupling of oxidative phosphorylation. These effects were partially mitigated by dibucaine, a phospholipase A2 inhibitor. With the site II substrate, succinate, the electron transport chain defect was not manifest and respiration remained partially coupled. The electron transport chain defect produced by Ca2+ and oxygen free radicals was localized to NADH CoQ reductase. Calcium and oxygen free radicals reduced mitochondrial ATPase activity by 55% and adenine nucleotide translocase activity by 65%. By contrast oxygen free radicals alone reduced ATPase activity by 32% and had no deleterious effects on translocase activity. Dibucaine partially prevented the Ca2+-dependent reduction in ATPase activity and totally prevented the Ca2+-dependent translocase damage observed in the presence of oxygen free radicals. These findings indicate that calcium potentiates oxygen free radical injury to mitochondria. The Ca2+-induced potentiation of oxygen free radical injury likely is due in part to activation of phospholipase A2. This detrimental interaction associated with Ca2+ uptake by mitochondria and exposure of the mitochondria to oxygen free radicals may explain the enhanced cellular injury observed during post-ischemic reperfusion.